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(54) Diversity switch combiner

(57) A diversity switch combiner for use in systems
for receiving wideband signals is arranged to split the
received signal into separate channels each carrying a
respective frequency band. Respective switch means
are provided for each channel in order to switch the input

of each channel between different antennas. A switch
control determines the switch setting in accordance with
the result of a comparison operation, preferably per-
formed during a guard period, in which the signal qual-
ities for different settings are compared.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to antenna diversity re-
ceivers, particularly those suitable for use for wideband
radio reception and more particularly for multi-carrier
systems.

Description of the Prior Art

[0002] Antenna diversity receivers use multiple an-
tennas to overcome signal quality degradation caused
by multipath fading. If the antennas are arranged such
that their outputs fade independently, then the signals
from the antennas can be combined to produce a signal
with higher quality since it is unlikely that both antennas
(branches) will simultaneously be in a deep fade. This
allows the receiver to be used in areas with lower signal
strengths or to provide higher signal quality and reliabil-
ity within the normal system coverage area.
[0003] A common form of diversity combiner is a
switch combiner, in which only one complete receiver is
needed. The receiver is switched between the antennas
and makes a judgement as to which antenna provides
the strongest signal. Numerous schemes for doing this
exist, but it is believed that none of them address suit-
able strategies for wideband channels. In all cases,
switch combining performs less well than selection com-
bining, in which two receivers are available so that the
performance of both antennas can be simultaneously
monitored, but a switch is used to select the signal from
only one of them at a time. Maximal ratio combining
(MRC) involves using, simultaneously, a plurality of re-
ceivers each operating on a signal from a respective an-
tenna, and using signal processing to combine the out-
puts of the receivers. This gives better performance than
either switch combining or selection combining, but is
somewhat more expensive.
[0004] In a wideband fading channel, the bandwidth
of the transmitted signal is wider than the coherence
bandwidth of the channel (see S.R. Saunders, "Anten-
nas and Propagation for Wireless Communication Sys-
tems", John Wiley & Sons, ISBN 0471986097, July
1999, for precise definitions). This implies that different
parts of the received signal bandwidth will be faded to
different extents, so the choice of the best antenna is
not clear. A switch combiner could make a decision
based on the total power available over the whole signal
bandwidth, by performing a vector sum of the respective
channel outputs of the receiver filter. However this yields
only minor diversity gain when the delay spread is large,
i.e. when there are significant delayed versions of the
signal arriving at the receiver due to multipath echoes
The results when selection combining is used instead
of switch combining are not significantly better.

[0005] Choosing a single antenna, based on which-
ever criteria, and using this for the reception of the whole
ISDB-T bandwidth can lead to significant degradation in
performance. Mostly, this will be due to the fact that
somewhere within the signal bandwidth there will be a
deep null, so although at some carriers within the band-
width there may be excellent diversity gain, there is none
achieved at other carriers, with the resultant diversity
gain essentially an average across the bandwidth.
[0006] Given that delay spread has been shown to
produce this significant performance degradation, it
would be attractive to have a combining technique which
avoids this problem, but without the expense of MRC
systems, and preferably using only one receiver.
[0007] Accordingly, it would be desirable to provide a
switch diversity combiner which preserves the low cost
of having a single receiver, but has improved perform-
ance in high delay-spread environments than available
from any conventional single receiver combiner.

SUMMARY OF THE INVENTION

[0008] Aspects of the present invention are set out in
the accompanying claims.
[0009] According to a further aspect of the invention,
a diversity switch combiner for use in systems for receiv-
ing wideband signals is arranged to split the received
signal into separate channels each carrying a respective
frequency band. Respective switch means are provided
for each channel in order to switch the input of each
channel between different antennas. A switch control
determines the switch settings in accordance with the
result of a comparison operation in which the signal
qualities for different settings are compared.
[0010] The invention is particularly applicable to multi-
carrier signals which are transmitted in the form of sym-
bols comprising a guard period followed by a useful part
of the symbol, the guard period corresponding to the end
of the useful part. In this case, the quality estimation is
preferably performed during a guard period, so that the
antenna switching can be carried out without causing a
significant deterioration of performance.
[0011] According to a still further aspect of the inven-
tion, a diversity switch combiner forms a path between
the antennas and the receiver output, which path in-
cludes at least two channels each for carrying a respec-
tive frequency band of the received signal. Each chan-
nel has an independently operable switch means for se-
lecting which of the signals from the antennas are fed
through the channel. The receiver output is based on
the combined output of the channels. Accordingly, en-
hanced performance throughout the frequency range of
the received radio signal can be achieved.
[0012] The combiner is preferably located between
the antennas and the receiver, and thus conveys RF sig-
nals to the receiver. Alternatively, the combiner could be
located within the receiver, e.g. in the IF section, al-
though in this case separate versions of the circuits prior
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to the combiner would have to be provided for the re-
spective channels.
[0013] The approach can be extended to as many
channels as desired, until the resilience against delay
spread is sufficient to account for the prevailing channel
conditions. Ultimately the performance can be made to
approach arbitrarily closely to the performance of
switching performed on every carrier independently. At
this level diversity gains may be around 9 or 10dB.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Arrangements embodying the invention will
now be described by way of example with reference to
the accompanying drawings, in which:

Figure 1 schematically illustrates a receiver system
according to a first embodiment of the invention;
Figure 2 is a more detailed block diagram of the re-
ceiver system of Figure 1; and
Figure 3 schematically illustrates a receiver system
of a second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] In Figure 1, a basic embodiment of the inven-
tion is shown. The receiver system 2, which is intended
for receiving OFDM (Orthogonal Frequency Division
Multiplex) signals, includes an antenna section 4, a
switch combining section 6 and a receiver circuit 8 which
includes means for converting the received signal to
baseband.
[0016] In the antenna section 2, two antennas, A1 and
A2, are arranged so that their outputs fade independ-
ently. The outputs are coupled to a switch block 20 of
the switch combining section 6. The block 20 incorpo-
rates two switches 22 and 24 and is operable to couple
each output to a respective one of two staggered tuned
filters 26, 28. The filters are arranged to select only one
respective half of the received signal band each. The
outputs of the filters 26 and 28 are combined in a com-
biner 30, the output of which is delivered to the receiver
circuit 8.
[0017] The switch combining section 6 also includes
switch logic 32 responsive to signals from the receiver
circuit 8 for choosing which of the antennas should be
routed to each of the filters. This can be based on a com-
parison of the possible switch states examined during a
guard period of the received signal. Thus a deep null in
one antenna in one half of the segment can be avoided
if it is not present in the other antenna. The system is
then resilient to almost twice the delay spread as con-
ventional full-band switching.
[0018] Figure 2 illustrates the system in more detail.
The two antennas, A1 and A2, are arranged so as to
produce substantially independent fading signals. The
signals are split via splitters 40 and 42 and sent to elec-

tronically controlled switches 22 and 24. A control unit
44 selects each of the four possible states of switches
22 and 24 sequentially during an initial phase of opera-
tion, typically during a symbol guard interval. The output
signal from switch 22 is filtered by a high-pass filter 26,
which outputs only the upper half of its input signal band-
width, while switch 24 is connected to a low-pass filter
28 which outputs only the lower half of its input signal
bandwidth. The two filter outputs are summed by com-
biner 30 and the result forms the input to a conventional
receiver circuit 8. At its output, the receiver circuit pro-
duces individual carriers of the OFDM signal, which are
normally demodulated by a demodulator 46.
[0019] The carrier outputs are sent to a quality esti-
mator 48 to estimate the quality of the resulting signal,
typically using soft decision information or otherwise.
There are various known ways of estimating signal qual-
ity. For example, the distances of the carrier outputs
from the correct positions for the carrier constellation
can be measured. It is not necessary to use all the car-
riers for quality estimation, although the carriers which
are used should be spread throughout the frequency
spectrum of the signal. It is possible to base the quality
estimation on pilot carriers, by comparing their actual
values with the known values they should adopt in a
clean, noise-free system. Alternatively, spectrum esti-
mation based on a limited number of samples could be
used.
[0020] The quality estimates for the four possible
switch states are stored in a memory unit 50. A bank 52
of six comparators forms pairwise comparisons of all
four quality estimates. The comparators are connected
to a bank of four logical AND gates and associated NOT
operations 54 which selects the largest of the four qual-
ity estimates. The result selects one of the four switch
states within the control unit 44 and sets the switch
states to correspond to the highest quality combination
of branches. If the quality estimations can be achieved
sufficiently quickly, which will depend on the process
used, the switch state is preferably set during the current
symbol, and more preferably before the beginning of the
useful part of the symbol. The state is held for as long
as appropriate (typically a symbol duration) before the
whole process is repeated. If the quality estimation
takes too long to be of value for the current symbol, the
switch state could instead be set for the useful part of
the next symbol (after first altering the state during the
next guard interval for obtaining further quality esti-
mates). It is not necessary to repeat the process regu-
larly. Instead the process could be triggered by a detect-
ed deterioration in quality.
[0021] The receiver circuit 8 shown in Figure 2 in-
cludes an RF tuner 82, which receives the signals from
the antennas via the switches 22 and 24 and filters 26
and 28. The output of the tuner 82 is delivered to a down
converter and IF amplifier 84, which supplies its output
to an IF-to-baseband converter 86. The baseband sig-
nals from the converter 86 are sent to an FFT and chan-
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nel estimation block 88, which generates the OFDM car-
rier signals for the receiver circuit output. The baseband
signals are also delivered to a symbol synchronisation
circuit 90, for synchronising the operation of the FFT and
channel estimation block 88, and to a sample clock and
frequency synchronisation circuit 92 which synchronis-
es the operations of the down converter and IF amplifier
84 and the IF-to-baseband converter 86.
[0022] This is merely one example of a number of dif-
ferent types of receiver circuits which could be em-
ployed in the system of Figure 2. In alternative arrange-
ments, the switches 22 and 24 and filters 26 and 28
could instead be provided within the receiver circuit 8,
for example between the down converter and IF ampli-
fier 84 and the IF-to-baseband converter 86, with suita-
ble modifications to the filter characteristics and dupli-
cation of the circuits preceding the converter 86.
[0023] Another development of the basic approach is
shown in Figure 3. This embodiment is largely similar to
that of Figure 1, and like integers have like reference
numerals. In the embodiment of Figure 3, however, the
antenna branches have been combined in a weighted
combiner 60, with a fixed weighting to form another
branch. This may be regarded as a fixed beam-steering
network, which will have less fading in some parts of the
band than either of the antennas alone. Again this can
be extended to multiple combining networks and multi-
ple sub-band filters. In the limit of having enough com-
bining networks and sub-band filters, this approach will
be capable of the same performance as maximal ratio
diversity combining performed on every carrier. This ap-
proach will thus only produce a small extra performance
gain over the previous case.
[0024] In all cases two basic front ends (each com-
prising a splitter, a switch and a filter) are required in
order to have simultaneous access to signals from both
antennas. This may not necessarily be more economi-
cal than performing MRC at the receiver IF, but the
choice will depend on the relative costs of the various
RF components.
[0025] It is envisaged that the receiver circuit which is
used to generate the main receiver output is also used
for obtaining the measurements for the quality esti-
mates, but this is not essential.
[0026] The diversity system proposed is applicable to
any wideband radio system, using any number of anten-
nas. It is particularly relevant to applications at user ter-
minals where power consumption, size and cost are par-
ticularly critical, whereas base stations will usually im-
plement diversity combiners which use one receiver cir-
cuit per branch.
[0027] Particular systems which are applicable are:

• ISDB-T
• DAB
• DVB
• UMTS
• cdma2000

Claims

1. A diversity switch combiner for a receiver system
comprising a plurality of antennas and a receiver
circuit for converting signals from the antennas into
baseband signals provided at a baseband output,
the combiner comprising at least two signal chan-
nels between the antennas and the baseband out-
put, each channel being arranged to carry a respec-
tive frequency band of the received signal, switch
means for selectively coupling the antennas to each
signal channel and switch control means which is
operable to determine the quality of the signals car-
ried by the signal channels for different settings of
the respective switch means, and to control the set-
ting of the switch means in dependence upon the
quality determination.

2. A combiner as claimed in claim 1, wherein each sig-
nal channel includes a filter for restricting the fre-
quency band transmitted by the channel.

3. A combiner as claimed in claim 1 or claim 2, for use
in a receiver system for receiving signals in the form
of successive symbols including guard periods,
wherein the switch control means is operable to al-
ter the switch settings during the guard period in or-
der to determine the quality of the transmitted sig-
nals in each respective frequency band, and is
thereafter operable to control the setting in accord-
ance with the determined quality.

4. A combiner as claimed in claim 3, wherein the
switch control means is operable to determine the
signal qualities during each guard period so as to
control the switch setting for the current symbol.

5. A combiner as claimed in any preceding claim,
wherein each signal channel is arranged to carry
RF signals.

6. A combiner as claimed in any one of claims 1 to 4,
wherein each signal channel is arranged to carry IF
signals.

7. A receiver system comprising a plurality of anten-
nas, a receiver circuit for converting signals re-
ceived from the antennas into baseband signals,
and a diversity switch combiner as claimed in any
preceding claim.

8. A receiver system as claimed in claim 7, including
a combining means for combining signals from a
plurality of antennas, the switch means being ar-
ranged selectively to couple to each respective sig-
nal channel the outputs of the antennas and the
combining means.
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9. A method of operating a wideband receiver having
at least two antennas, the method comprising :

separating the received signal into respective
frequency bands;
for each frequency band, determining the qual-
ity of the signals received from the respective
antennas;
for each frequency band, independently select-
ing the antenna which provides the highest
quality signal; and
combining the separated signals as received by
each selected antenna and demodulating the
combined signal.
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